Kesults so contradictory would almost lead one to suppose that, like castor oil caoutchouc yielded different products according to the temperature, but in that case the distillate obtained in a carefully conducted experiment should contain bodies belonging to the olefiants and the terebenes; this, however, is not the case. The weight of evidence appearing to prove olefiants to be the principal products, I had some hopes that caoutchouc, if carefully distilled, would yield hydrocarbons from which I might obtain certain at present unknown hydriodic ethers and their derivatives, in accordance with reactions first imagined by M . B erthelot, th u s:-
Cn H n + H I = (Cn H n+1) + I v---------------------------' v------------v -----------'
Olefiant plus Iodide of alcohol hydriodic acid.
radical.
But I soon found that caoutchouc, when carefully distilled in iron vessels, yielded no olefiant whatever. This is, moreover, in perfect accordance with experiments made by me some years ago *, in which I showed that caoutchouc, like many other oils, deco lorized the same quantity of bromine as oil of turpentine. A repetition of this experi ment, made with great precaution to ensure success, will be found further on. The distillation was conducted with care in an iron alembic, the lowest temperature being used consistent with the distillation of oils. In fact I even stopped the distilla tion before the whole of the last oil, heveene, came over, in order to ensure the decom position taking place in the simplest manner. The crude distillate was very foetid, and contained traces of volatile bases derived from the decomposition of a minute trace of vegetable caseine in the caoutchouc. The bases were removed by agitation of the oil with dilute sulphuric acid; the latter was then got rid of by washing with water, which, in its turn, was subsequently removed by digestion with sticks of potash. The fluid thus piepared was easily separated by fractional distillation into two portions, one boiling between 37° and 44° C., and the other between 170° and 180°. The fractional separa tion of the hydrocarbons in the crude distillate affords a very instructive example of the extraordinary extent to which boiling-points are lowered by successive rectifications. In the first rectification the product was very small, below 116° C. The greater part On a Process for estimating the Equivalents of some Eluid Hydrocarbons by means of Bromine," Chemical Gazette, 1853.
distilled between 116° and 193°. Only one-half came over below 204c. In the second rectification a large fraction was obtained between 40° and 50°, then scarcely any distilled until between 170° and 180°, which latter fraction was very large. A t 171° the thermo meter was often perfectly steady while an ounce distilled over, the entire contents of the retort not being much more than one and a half ounce. The lower fraction oscil lated between 36° and 44°, the variability in its boiling-point being principally due to the presence of oxygen; for, by careful and repeated rectifications over sodium, it may be made to distil almost entirely between 37° and 38°. This fluid lies at the boundary line between gases and liquids: it is scarcely possible to wet the hand with i t ; and if poured from a moderate height in small drops, it is volatilized before reaching the floor. A very pretty way of observing the influence of small pressures upon its physical con dition, consists in passing a few drops into a mercurial eudiometer standing vertically. The warmth of the hand applied to the top of the instrument is suflicient to convert it into vapour; but if the position of the eudiometer be then altered so as to stand almost horizontally, the increase of pressure is sufficient to condense.the gas into a liquid, and, on the other hand, it is instantly vaporized again on restoring the eudiometer to its original position. This hydrocarbon possesses a property which, even more than its extreme volatility, renders it troublesome to the analyst. Unlike very volatile fluids in general, it lines with a slight film of carbon the bulbs in which it is contained during combustion. I t is true that the amount thus left is very small, but it is sufficient to render an exact determination of the carbon difficult. I t being of course necessary to have all the apparatus, oxide of copper, &c. as cold as possible, it was also not easy to keep the hydrogen as low as could be desired. The substance used in the first three analyses boiled between 37° and 38°, and was prepared from caoutchouc. The fourth and fifth analyses were made on a product from gutta percha. No. IV. boiled between 42° and 43°, and No. V. between 
2*44 2*3493
The values condensed into the above Table are not intended to represent the influence of temperature upon the density. They are cited to show unmistakeably the formula of the hydrocarbon. It will be seen at a glance that all the determinations except the second are higher than is consistent with perfect accuracy. This is dependent upon the extreme tendency of the fluid to undergo oxidation, and thus, to a greater or less extent, lose its volatility. It was some time before the full extent of this tendency was ascer tained and precautions taken to prevent it, and in the meantime the densities came out too high. It was found, however, that if distilled over sodium only a few minutes before determining the volume of the vapour, the result obtained was sufficiently accurate for the purpose required. The second of the experiments in the above Table was made with this precaution, and the resulting number was only 0*05 in excess of the calculation.
I have given the substance thus examined the name of It would have been more grateful to me to have retained one of the names given by the previous observers, if that course had been possible; but H imly has not named the fluid dis covered by him boiling between 33° and 44°, and the term having been applied by B ouchardat to a fluid boiling at 14°*5, I could not adopt it; moreover, it is too like caoutchine.
The specific gravity of the fluid at 20° C. was found to be 0*6823. It will be seen that none of the hydrocarbons examined by G regory, H imly, or B ouchardat can be identified with th at ju st described; and although the formulae C5 H 4 and C10 H 8 have often been vaguely applied to the numerous isomers of turpentine, yet none of the hydrocarbons obtained by the above chemists have been shown to con tain C10 H 8 fo r fo u r volumes o f vapour. The hydrocarbon discovered by Co u e r b e * in the fluid obtained by the powerful compression of resin gas, although of the same com position, differs too much in density (0*709) and boiling-point (50°) to be considered as identical.
Action o f Atmospheric Oxygen on Isoprene.
I f isoprene be left in a partly filled bottle for some months, it gradually loses its fluidity, and at last even becomes quite viscid; at the same tim e it is found to have acquired powerful bleaching properties. I t readily decolorizes sulphate of indigo, and, under certain circumstances, converts sulphide of lead into sulphate. I t is, in fact, ozonized.
S chonbein was the first to show th at oil of turpentine absorbed ozone when kept for a long time, and I subsequently observed several cases where ozone was capable of exist ing in contact w ith organic and inorganic m atters w ithout exerting any m aterial action on them so long as the tem perature was k ep t down. In these instances, immediately the heat rose beyond a certain point, the substance in contact with the ozone underwent oxidation. Thus, if a slip of lead test-paper be exposed to the vapours of sulphide of hydrogen until the paper has acquired a deep brown colour, and a drop of an ozonized oil be placed on it, no change ensues at ordinary tem peratures; b u t if the paper moist ened with the oil be warmed until the latter begins to volatilize, the sulphide is imme diately oxidized and bleached.
B ut the most remarkable phenomenon perhaps yet known in connexion with the ozonization of essential oils, takes place on subm itting ozonized isoprene to distillation. I f the temperature be kept as low as is compatible w ith the volatilization of the unaltered portion of the oil, a colourless limpid fluid distils over, having the composition and boiling-point of pure isoprene. As the operation proceeds the fluid thickens, causing the tem perature to rise somewhat suddenly. The ozone at this point instantly begins to act with energy, a cloudy vapour rises, accompanied by an intensely sharp odour, and the contents of the retort instantly solidify to a pure white, spongy, elastic mass, having, when successfully prepared, b u t slight tendency to adhere to the fingers. W hen pure, it is o p ak e; b u t if allowed to become exposed to the air, especially when warm, it becomes transparent, first on the edges, and subsequently throughout the whole mass. W hen burnt, it exhales the peculiar odour hitherto considered characteristic of caoutchouc itself. I t is not easy to prepare or to preserve this substance of definite composition. I f the heat be allowed to rise too rapidly during its formation, it becomes decomposed; and if not heated sufficiently, a portion of the original hydrocarbon obsti nately adheres, in spite of its extreme volatility when separate. 9 However prepared, its composition is that of isoprene plus oxygen. If sufficient care be taken, the oxidation is perfectly definite. A specimen prepared with every precaution, and immediately analysed, afforded, on combustion with oxide of copper and oxygen gas, the annexed numbers:-0-1796 grm. gave 0-5186 carbonic acid and 0-1732 water.
Converting these values into per-centages, we have- The above values at once indicate C10H 8O
as the formula for the substance; the agreement of the numbers resulting from the analysis with those of calculation appearing to show conclusively the perfectly definite nature of the reaction. As regards the true formula of this substance, there is reason to suppose that the expression C10 H 8 O does not correspond to four volumes of vapour; but as it is not vola tile without decomposition, and as its properties forbid any hope of its yielding com pounds from which the true equivalent might be deduced, I am at present compelled to rest satisfied with obtaining the simplest arithmetical relation between the elements.
The above-described substance is, it is believed, unique in its characters, whether we regard its composition as the directly formed oxide of a hydrocarbon, or the mode of its production by the influence of ozone.
On Caoutch
The formula derived by M. H imly from his experiments upon the oil boiling between 171° and 173° was perfectly correct. The following numbers resulting from my analyses merely, therefore, confirm the old ones.
Nos. II. and III. were made on two samples of caoutchine from gutta percha. No. II. boiled between 170° and 173°, and No. III. between 173° and 177°. Owing to the large quantity of carbon deposited in the bulbs, I was obliged to bum the fluid in open tubes, and use oxygen in excess at the termination of each analysis. In consequence of the high temperature at which the experiment was made, it became necessary to introduce into the formula a correction for the elastic force of the vapour of mercury.
On the Relation between the fir st and second Hydrocarbons produced by distillation o f Caoutchouc.
W e are now, for the first time, in a position to understand the true connexion between the two hydrocarbons which have been described. The relation between them is the same as that between amylene and paramylene, and, as in the case of those bodies, the second is twice as heavy in the state of vapour as the first.
The boiling-points of these bodies show very strongly the limited power of empirical formulae, even when (like those of K opp and G ephardt) founded on the accurate obser vation of a vast number of bodies. Thus, amylene, C20 H 20, containing four atoms of hydrogen more than caoutchine, should boil, according to G ephardt's law, 1 5 x 2 = 3 0° lower than that body, whereas the boiling-point is only 11° lower. Again, amylene, containing two atoms of hydrogen more than isoprene, should boil 15° lower, whereas it boils 2° higher.
The reduplication of a formula has not the same relative influence upon the boilingpoint of amylene that it has upon that of isoprene; thus Oil of turpentine boils at 160°, and is taken as the pivot round which the boilingpoints of hydrocarbons should arrange themselves at distances proportioned to the num ber of atoms of carbon and hydrogen in their formulae; yet caoutchine, which not only has the same formula, but gives almost identical reactions, boils at 171°, eleven degrees higher, and very near that of carvene, which is 173°.
Comparative experiments on the Action o f Bromine on Caoutchine and Oil o f Turpentine.
M. H imly had observed that chlorine and bromine act upon caoutchine, and that the products when distilled over a base afforded an oil containing less hydrogen than caoutchine. H e did not examine the nature of the reaction more closely.
I mentioned at the commencement of this paper that I had several years ago made an experiment on the mutual action of bromine and caoutchine, which led me to believe the latter to belong, not to the olefiant, but to the vast group of hydrocarbons isomeric with oil of turpentine. But that experiment having been made with the bromine and hydrocarbon undiluted, and, moreover, the caoutchine not having been prepared by myself, I considered it necessary to repeat it with several precautions not then observed.
The action of bromine upon the terebenes is peculiar, one atom, or four-volume equi valent, always requiring exactly four atoms of bromine to produce a colourless fluid. If the hydrocarbon and the bromine be diluted, the former with alcohol, the latter with water, the experiment may be made with considerable precision. For the purpose of comparing the isomers, I prepared some freshly dried and rectified turpentine and caoutchine. They were diluted with sufficient alcohol for each of the resulting fluids to contain exactly ten per cent, of hydrocarbon. The bromine employed was in the state of a weak solution in water, twenty cubic centimetres containing 0*2527 of bromine. A small flask containing twenty cubic centimetres with the stopper in its place, was employed each time to measure the bromine water, which was transferred to a large stoppered flask, every precaution being taken to prevent loss. The diluted hydrocarbon was then gradually dropped into the bromine water from a Schuster's alkalimeter con taining a weighed quantity. Considerable agitation was applied after each addition. When the bromine water was nearly decolorized, the liquid was added very cautiously, and an interval of about half a minute allowed to elapse between each addition. When the fluid had become perfectly colourless, the alkalimeter was reweighed. The follow ing numbers were obtained in eight experiments made in the manner described:-P 
0-1074 0-1091
The identity of behaviour of caoutchine and oil of turpentine becomes very evident from the above experiments. The mean of the caoutchine results is nevertheless some what higher than that of the turpentine series; I ascribe this to caoutchine being, to a very slight degree, more sluggish in its action than oil of turpentine.
On the Action o f Bromine on
I was exceedingly desirous of making experiments with weighed quantities of isoprene and bromine, in order to compare it with caoutchine. W ith this intent I made a solu tion of it in alcohol, the strength being the same as the turpentine and caoutchine solu tions. But it was impossible to obtain the wished-for results, owing to the manner in which the isoprene volatilized from the solution while pouring it into the bromine water.
Isoprene combines explosively with bromine, even in presence of seventy or eighty times its volume of water. W hen the vessel containing the bromine at the bottom and the isoprene on the surface is shaken, union takes place with a loud noise and consider able evolution of heat. A fine mobile bromine compound is the result. W hen cohobated with excess of hydrate of potash, the greater portion is entirely decomposed, yielding a black mass, the distillate having the same odour as that evolved under similar circumstances by the higher olefiant, but accompanied by a substance so irritating to the eyes as to render it very distressing to manipulate. On placing about one ounce in a flask, and adding a fragment of hydrate of potash to neutralize it, an explosion took place, the fluid being thrown in my face and causing the most intense pain in the eyes. For several days no person could enter the laboratory without incurring great pain, accompanied by profuse lacrymation. My substance having in this unfortunate manner been lost, I am compelled to defer a more minute investigation of it.
On the Conversion o f Caoutchine into Cymole and
In Gerhardt's classification of organic bodies, oil of turpentine is made to belong to the cymenic series; and it is even stated that D eville, by passing turpentine and carbonic acid through a tube heated to dull redness, obtained an oil which appeared to contain MDCCCLX. * 2 l C20 H 14; carbonic oxide, water, and empyreumatic products being formed simultaneously. Some experiments made by me a considerable time ago with oil of turpentine, led me to conceive the idea of converting it into cymole, or an isomer, by the alternate action of bromine and a highly electro-positive metal, and the identity in certain cases of the reactions of oil of turpentine and caoutchine rendered it probable that a similar product would be yielded wT ith the latter. Experiment has completely confirmed this suppo sition.
If to a quantity of bromine and water in a stoppered flask caoutchine be gradually added, and the flask be shaken after each addition, a sharp hissing sound is heard, and combination takes place with great energy and considerable rise of temperature; at the same time a heavy oil, red at first but finally colourless, sinks to the bottom. The pro duct when cold is as viscid as treacle. Its characters do not offer any great guarantee for purity; and the production of hydrobromic acid at the same time, indicates that while one portion of the halogen combines with the caoutchine, another seizes the most easily removeable of its atoms of hydrogen, and yields the acid which is found dissolved in the water.
I examined the reaction which takes place with turpentine under these circumstances some years ago, but at that time I was not fully alive to the true explanation, because I had not treated the resulting oil with alcoholic potash or sodium. The analyses I then made indicated the formula of the oil from turpentine to be C20 H 15 Br, 2 Br, 2 HO. One equivalent of hydrobromic acid was always found in the watery fluid. Assuming this to be correct, as I have no doubt it is, we have C20H l6+ 4 B r + 2 H O = C 20H 15Br, 2Br, 2 H O + H B r.
Every four equivalents of bromine yield, therefore, one equivalent of hydrobromic acid; and in an experiment where 33-2 parts of bromine were employed, 8*2 of hydro bromic acid were found in the aqueous fluid. If the above equation be correct, 8*4 should have been obtained.
The oil produced as above from caoutchine, when heated, yields torrents of hydro bromic acid, and an oil distils over containing less bromine and hydrogen. When cohobated with sodium in excess, a very fragrant and perfectly colourless hydrocarbon was produced, distilling between 171° and 200°. It was received in four portions: a , between 171° and 177°; b, 177° to 181°; , 181° to 186°; an yellowish oil remained behind at this p oint; it required a very much higher tempera ture for distillation, and on cooling deposited a few very minute crystals.
Caoutchine and turpentine behave in a precisely similar manner with the above reagents; and it is worthy of observation that the resulting hydrocarbon has the same peculiar odour, from whichever source it is prepared *. In the following analyses, I. was made on a product from turpentine, II. was fraction b, and III. was fraction d. Fraction a was rejected, as it appeared to contain traces of the original hydrocarbon, regenerated in the same manner I have shown to take place with brominized heptylene and octylene.
I. 0*1550 grm. gave 0*5070 carbonic acid and 0*1466 water. II. 0*1918 grm. gave 0*6292 carbonic acid and 0*1790 water. III. 0*2100 grm. gave 0*6892 carbonic acid and 0*1968 water.
Or, per cent.,- 134 100*0 The above numbers completely correspond with the formula C20 H 14, which is evidently that of cymole. Moreover the density of the fluid, 0*8664 at 20°, was almost the same as that given by G erhardt, namely, 0*8610 at 14°.
I could have wished to give equations expressive of the entire decompositions which take place, and it would be easy to do so were I to disregard, or consider as merely accidental, the substances formed at the same time.
W hen the brominized oil is distilled, before or after treatment with alcoholic potash, nearly fifty per cent, of loss is incurred. The retort contains a black carbonaceous mass, occupying two-thirds of its capacity. A similar phenomenon occurs in the treatment with sodium; and at the same time, as I have said, a certain portion of caoutchine or turpentine, as the case may be, is regenerated.
The yellow oil of high boiling-point previously alluded to, exists in very small quan tity among the products formed by the action of sodium on brominized caoutchine; probably not more than one-tenth of the distillate boils above 200° C., whereas the yellow oil boils only a little below 300° C. The quantity in my possession was far too small to allow of a determination of this point. In composition, however, it agreed with that of cymole. 0*2224 grm. gave 0*7312 carbonic acid and 0*2022 water. The crystalline substance was in exceedingly minute quantity. It is far from impos sible that it may be the radical thymyle formed from its hydruret cymole by the action of the bromine. As it would have the composition C40 H 26= 2 C20 H 13, the probability is that it would be a crystalline solid. This also would account for the low hydrogen and the high carbon.
The exceedingly high boiling-point of the yellow oil is such strong% evidence of its being a polymeric condition of cymole, that I have provisionally named it paracymole.
Conversion o f the Cymole fro m Turpentine and Caoutchine into Insolinic Acid.
Although the experiments detailed left little doubt upon my mind of the identity of the cymole from turpentine and caoutchine with that from cumin oil, still the number of isomeric bodies continually being discovered is so great, that it is highly desirable to make a crucial experiment whenever possible. The exceedingly characteristic proper ties of insolinic acid rendered it peculiarly suitable in the present instance. Dr. H of mann has shown it to be a product of the oxidation of cuminic acid and cymole under the influence of chromic acid. The quantity of cymole in my possession was so small (about two drachms), that there would have been little hope of success had the reaction been less definite. On cohobating it with eight parts of sulphuric acid, eight of bichro mate of potash, and twelve of water, for a few minutes, white flocks became appa rent ; they continually increased until their bulk equalled that of the cymole employed. The crude acid was dissolved in ammonia and, after filtration, precipitated by hydro chloric acid. It was washed, first with warm water, then with boiling alcohol, and, finally, with ether. Thus purified it was quite colourless. I t was then dissolved in ammonia, and the solution evaporated until crystals of the acid salt began to form. The solution, rendered faintly alkaline by the cautious addition of ammonia, was pre cipitated by nitrate of silver, care being taken to keep it slightly alkaline to prevent the separation of any insolinic acid. The salt, after drying at 100° until it ceased to lose weight, was ignited, during which operation it evolved the peculiar aromatic odour so characteristic of all the insolinates when heated strongly. In this manner I prepared three specimens,-a, from turpentine; b, from caoutch X. 0*3454 grm. of a gave 0*1892 metallic silver. II. 0*2462 grm. of b gave 0*1348 metallic silver. III. 0*2514 grm. of c gave 0*2540 carbonic acid and 0*0422 water. On adding slowly caoutchine to sulphuric acid (sp. gr. 1*845) in great excess, the latter becomes warm and the greater part of the hydrocarbon dissolves, traces of sul phurous acid being at the same time evolved. On the addition of water, the greater part of the caoutchine rises in an altered state to the surface; it is in the form of a thick adhesive fluid of the consistency of molasses.
On saturating the acid solution with chalk, a very small quantity of the lime-salt of a conjugate sulphuric acid was obtained. I t is excessively soluble in water, and deposits small granular crystals from a concen trated solution. Dried at 200° C. it gave the annexed results on analysis. 0*2594 grm. gave 0*0736 of sulphate of calcium; or, in per-centages,-
Experiment.
Calculation. is evidently that of the substance in question.
Carbon

On the Composition o f Caoutchouc.
The only analyses of caoutchouc which I have seen, are those of Faraday and the late Dr. U re. That of the latter chemist is obviously incorrect, as he obtained 90 per cent, of carbon and only 9*1 of hydrogen, a result incompatible with the phenomena which take place under the influence of heat.
Faraday's analysis, made in the year 1826, is probably almost exactly the true com position of a pure caoutchouc. It gave carbon 87*2 and hydrogen 12*8 per cent. These numbers would require to be slightly modified, in consequence of the atomic weight of carbon, as now received, having a somewhat different value to that which was admitted at the time of the analysis. I analysed two small specimens which had formed in phials of the juice, with the annexed results. They were dried at 100°. The first specimen was dark brown, the second pale straw-coloured and almost transparent. II. 0T972 grm. gave 0*6252 carbonic acid and 0-2134 water. III. 0-5958 grm. gave 0*0054 of brilliantly white ash.
Or, per cent.,-
Experiment.
Eabaday.
; My specimens were probably less pure than that analysed by F akaday. I am anxious to call attention to the fact that the atomic constitution of caoutchouc appears to bear some simple relation to the hydrocarbons resulting from its decompo sition by heat. The composition of caoutchouc coincides with that of isoprene and caoutchine, as found by analysis, to a degree which is remarkable when we consider that caoutchouc, in addition to being non-crystalline, is scarcely capable of purification by chemical means. Additional evidence may be found in the smallness of the residue which is left on submitting caoutchouc to heat. The following results of the analyses will show the amount of confidence which may be placed in this idea.
Isoprene.
Mean.
Carbon . . 88*0 Hydrogen . 12*1
Caoutchine.
Caoutchouc.
,------------------A ----------------N Mean.
Eabaday. C. G-. W.* 88-1 87-2 86-9 87-3 12-0 12-8 12-4 12-1
The following Table contains a summary of the physical properties of isoprene and caoutchine. It will be seen from what has been said upon the composition of the above bodies, that they may equally be obtained from caoutchouc or gutta percha. When the latter substance is submitted to careful distillation, the phenomena are essentially the same as with the former. The distillate contains a small quantity of water, which, instead of * Ash deducted.
